The microscopic structure of canine carotid and aortic body neoplasms was compared with that of other lesions of the neck and thorax. Carotid and aortic body adenomas consisted of clusters of large, polyhedral cells whose cytoplasm was filled with dense, membrane-bound granules and which lacked the normal relationship to sustentacular, nerve, and vascular cells. Unlike an ectopic thyroid adenoma, they had no thyroid follicles, PAS-stained cytoplasmic granules, acidic mucopolysaccharide foci, or dense tubules within the cisternae of the endoplasmic reticulum. Cells of the aortic body carcinoma were less differentiated than those of the adenoma. They contained fewer dense granules but had greater numbers of microfibrils and Golgi vesicles. Degeneration and necrosis of neoplastic tissue exaggerated differences from the adenomas. Cells from the metastatic tumor (pleural carcinomatosis) did not differ significantly from those of the primary tumor. Cells from thyroid and parathyroid lesions were significantly different ultrastructurally from those of carotid and aortic body tumors. Cells of the ectopic thyroid adenoma and thyroid carcinoma resembled normal follicular cells but were larger and contained characteristic PAS-stained granules and arrays of intracisternal microtubules. The parathyroid adenoma cells had few organelles; the dominant cytoplasmic structures were aggregates of membranes and residual bodies filled with lipofuscin.
Nodular, encapsulated tumors at the base of the heart are not uncommon in aged dogs. They allegedly arise from aortic body tissue [4, 221 , ectopic thyroid [l I, 491, or ectopic parathyroid [6, 301 . The term, 'heart-base tumor', is often incorrectly applied to these lesions with the implication that they are 'non-chromaffin, chemoreceptor' neoplasms originating from aortic body tissue. This classification does not consider either those rare lesions that have been interpreted as ectopic parathyroid or the commoner ectopic thyroid tumor. The ultrastructural characteristics of the latter have been documented [49] . This report describes the microscopic structure of carotid and aortic body tumors and compares them with other neoplasms of the thorax and neck with which they may be confused.
Tumors of the carotid body of the dog have been reported (table I) but are considered rare. They are commonly associated with similar tumors at the base of the heart which are interpreted as aortic body tumors. Like carotid body tumors in other mammalian species [lo, 17, 29 , 381, they are usually described as non-chromaffin, non-epinephrine-producing tumors. This description stems from reference to normal carotid bodies [I, 121, which implies that they function as chemoreceptors by virtue of connection with the central nervous system and that they have no secretion that is demonstrable physiologically. The presence of dense secretory-type granules within parenchymal cells of the normal canine carotid body [18, 271 is inconsistent with this concept. Furthermore, recent advanced histochemical techniques for monoamines [16] have shown heavy staining of carotid body cells [44] an indication of synthesis, storage, or secretion of substances such as serotonin or epinephrine.
It is generally accepted that the carotid body is a chemoreceptor for the concentration of CO, in blood. HEYMAN demonstrated increased ventilation in dogs whose isolated aortic arches were perfused with blood from donor dogs breathing low oxygen. Morphologic changes in response to changes in 0 , and CO, are allegedly compatible with the physiologic response [2, 31. Afferent innervation of the carotid body parenchymal cell (by sensory components of the glossopharyngeal nerve) is prerequisite to the chemoreceptor hypothesis. Synapses are closely associated with normal parenchymal cells [2, 3, 27 , 511 but the nature of the flow has not been established. Aortic body tumors allegedly originate from the aortic bodies ('aortic glomus', 'paraganglion aorticum') which in the dog are located within the pericardial sac adjacent to the adventitia of the great vessels [4, 361. They are generally multinodular and encapsulated and, when large, displace adjacent structures including the aorta, pulmonary artery, trachea, and lungs [6, 25, 35, 41, 46, 47, 501 . Metastases are rare, although these tumors show marked tendency to invade veins and lymphatics [13, 21, 23, 31, 33, 421 . Villous pleural carcinoinatosis is characteristic of aortic body carcinomas and may be accompanied by extensive pleural effusion [23, 341.
Materials and Methods
Tissues (table 11) were collected from a series of aged dogs. The dogs were exsanguinated by severing the brachial arteries after anesthesia induced by intravenous doses of barbiturates. Tissues were fixed in 2.5% glutaraldehyde in cacodylate buffer, in 10% buffered formalin, or in Bouin's solution. They were processed for paraffin embedment, sectioned and stained with hematoxylin-eosin, alcian blueperiodic acid-Schiff, phosphotungstic acid-hematoxylin, Wilder reticulum stain or Gomori's methenamine silver stain. Tissues for electron microscopy were fixed overnight in glutaraldehyde, washed in buffer (2 h), fixed in OsO, (1 h), dehydrated in a series of graded ethanols and embedded in epoxy resin (Epon 812). Ultrathin sections were cut on an LKB Ultrotome, stained with lead hydroxide and uranyl acetate, and examined with a Philips electron microscope EM 200 at 60 kV. Dogs 1-3 (table 11) were the source of carotid and aortic body tumors, and the postmortem findings are summarized below. Tissues of thyroid and parathyroid origin were, with one exception, incidental findings. Other pathological findings were not considered contributory.
Dog I , a 16-year-old male Boxer with dyspnea, leukocytosis, lameness, emaciation, and dehydration was submitted for autopsy. There had been gradual loss of weight over a 2-month period. Cloudy, amber-colored fluid (25 ml) was collected from the thorax. A tumor mass, I8 x 10 x 12 cm occupied the entire left thoracic cavity displacing the lungs. Smaller round satellite tumor masses 3-7 cm in diameter were attached to the main tumor. Portions of the pericardium, parietal pleura, and niediastinum were thickened, velvety, and deep red-brown. Large groups of multinodular tumors which were not attached to the main tumor mass were present at the heart base. The heart was enlarged and flabbyparticularly the right ventricle. Cervical, bronchial, and cardiac lymph nodes were enlarged. The right carotid body was enlarged and was 4 mm in diameter. It was dissected and removed by severing the vessels 4 cm posterior and anterior to the carotid bifurcation. It was placed in toto in glutaraldehyde for 20 h, then trimmed to obtain portions for ultrastructural and histopathologic studies. Histopathologic diagnoses on the dog were as follows: (1) carotid body adenoma, unilateral; (2) aortic body carcinoma with pleural carcinomatosis and metastases to bronchial lymph nodes; (3) nodular adrenal cortical hyperplasia; (4) thyroid carcinoma, mixed follicular and solid, unilateral, encapsulated; (5) islet cell adenoma of the pancreas; (6) compression atelectasis of lungs with areas of severe senile emphysema; (7) multifocal lymphocytic interstitial nephritis with diffuse fibrosis and glomerulosclerosis; (8) generalized vascular degeneration with hyalinosis of arteries of spleen, carotid sinus, kidney, and lung; (9) severe atrophy of testes; (10) focal necrosis of the tongue; and (11) multiple epidermal inclusion cysts of the skin. Dog 2 was an aged mongrel. A small, unilobular, aortic body tumor at the base of the heart (71282) was submitted as an incidental finding. The dog had been dead about 18 h before autopsy. The tumor was fixed overnight in glutaraldehyde and processed as above.
Dog 3, a 16-year-old female Norwegian Elkhound, was admitted for euthanasia because of anorexia, listlessness, and lameness. The dog was obese with multiple lipomas of the abdominal wall. Histopathologic diagnoses included : (1) ectopic thyroid adenoma (single, unilobular, encapsulated) at the base of the heart, with solid, solid-cystic, and rnyxomatous areas; (2) acute and chronic, diffuse, cystic, lymphocytic, urinary cystitis with hemorrhage and necrosis; (3) focal nodular hyperplasia of the duodenal mucosa 3 cm distal to the pylorus; (4) several attached Physaloptera rara on the gastric mucosa; (5) diffuse slight anthracosis of the lungs with extensive deposition of pigment in the bronchial lymph nodes. 
Results

Carotid Body Adenoma
The carotid body adenoma was located at the bifurcation of the right common carotid ( fig. 1 ). Histologically, it consisted entirely of alveolar clusters of large, uniform, polyhedral parenchymal ('chemoreceptor', glomus') cells surrounded by fibrous interstitial tissue ( fig. 2 ). The tumor was well encapsulated, and neoplastic cells were not seen invading the capsule, lymphatics, or interstitial vascular tissues. The interstitium stained intensely with the PAS-reaction but not with alcian blue; tumor cells did not stain with either. Little reticulum was present in the tumor interstitium.
Ultrastructural examination showed the clusters of tumor cells to be composed of light and dark granular cells. The light granular cells composed the main cells of the tumor. They had large spherical nuclei with normal-appearing nuclear membranes and chromatin distribution ( fig. 3 ). Nucleoli were occasionally seen but were small and surrounded by chromatin. The cytoplasm contained small, dense membrane-bound granules of various sizes It is attached to small arteries arising from the external carotid artery and is closely connected with myelinated nerves (arrow). ( fig. 4 ). Small spherical mitochondria were prevalent. Foci of rough endoplasmic reticulum were small and often had a parallel arrangement similar to the Nissl body of neurons. The Golgi complex of these cells was not often seen. Microtubules were scattered throughout portions of the cytoplasm. Desmosomes were present between cells.
Dark granular cells were similar to the above but contained larger numbers of dense cytoplasmic granules. They were commonly, though less often, encountered. Typically dark granular cells were perivascular ( fig. 5 ). They appeared more stellate, and cytoplasmic membranes appeared to ramify more extensively through the tumor tissue. Small granular cells with pyknotic nuclei and swollen organelles were also frequently seen. They were interpreted as degenerate forms of the dark granule-containing cells described above. Dilatation of the cisternae of the endoplasmic reticulum, undulations of the nuclear membrane, and dense, finely granular nuclear and cytoplasmic matrices differentiated these cells from nondegenerate granular cells.
Occasionally, there were small slender cells that partially enclosed the granular tumor cells ( fig. 6 ). They were interpreted as sustentacular cells on the basis of cell shape, size, and location. Their nuclei were long and slender and had peripherally disposed chromatin. The cytoplasmic matrix was filled with small mitochondria and foci of rough endoplasmic reticulum; lipid droplets were common. The processes of these cells appeared to have continuous contact with the dense interstitial substance of the tumor. No association of sustentacular cells with nerve elements was seen; nerve fibers on normal carotid bodies lose their Schwann cell sheaths as they enter the lobules and become enveloped by sustentacular cells [27] .
The vascular components of the tumor did not have remarkable changes histologically. Vascular adventitia stained intensely with the PAS reaction. The rare reticulin fibers were seen in perivascular locations. Ultrastructurally, endothelial cells were of the high type. Their large cytoplasmic areas also contained mitochondria and scattered dense membrane-bound granules. Pericytes were present around terminal arterioles and often contained lipid droplets. Rarely, dense granules (similar to the cytoplasmic granules in tumor cells) were present in the interstitial spaces. Despite attentive search, no good example of granules leaving (or possibly entering) via the cytoplasmic membrane of the granular cell was found. 
Aortic Body Tumors
Aortic Body Adenomcz The single adenoma examined was uniform in structure and closely resembled the carotid body adenoma. Its large polyhedral cells contained dense membrane-bound granules of similar size range. Because of the time between death and fixation of the tumor autolysis precluded a description of the ultrastructural features.
Aortic Body Carcinoma
Tumor tissue patterns of the multilobular, invasive carcinoma ( fig. 7 ) varied considerably. Differences were related to the size of the tumor and thus to its vascularity. In highly vascular, cystic (red) portions of the large tumors, small clusters or cords of neoplastic cells were separated by plasmafilled, tumor-cell-lined cysts and by large, blood-filled, vascular channels. Islands of tumor persisted around patent arterioles ( fig. 8 ). Fibrin, plasma protein precipitates, and necrotic debris effaced the architecture of the tumor in large parts of these red, necrotic tumors. Hemorrhage, fibrosis, hemosiderin, and thrombi were obvious in these lesions. In the solid, moderately vascularized (white) parts of the large tumor's mass, neoplastic cells occurred in clusters. Mitotic figures were common. In some areas, cytomegaly with formation of tumor giant cells was prominent. Solid tumor tissue was often seen in the lumina of both veins and lymphatics. Small metastases were present in the supracortical and medullary sinuses of the regional lymph nodes, but none was seen in spleen, lung, liver, or other viscera. Amyloid was present adjacent to metastatic foci. Ultrastructurally, aortic body carcinoma cells resembled the light granular carotid body adenoma cells. Larger numbers of Golgi vesicles and cytoplasmic fibrils were present, but there were fewer dense cytoplasmic granules ( fig. 10 ). Peculiar distortions of smooth endoplasmic reticulum were present in some cells. They were associated with masses of vesicles and occasional foci of dense granular material ( fig. 11 ). Blood vessels in the tumor did not appear neoplastic nor were they greatly distorted. Endothelial cells were usually enlarged with evidence of fluid transport ( fig. 12 ). 10 . Aortic body carcinoma. Small secretory granules are more dense than larger granules. Normal-appearing rough endoplasrnic reticulum is present in small foci but appears to be connected to dilated, smooth endoplasmic reticulum in peripheral parts of the cell.
Carotid and Aortic Body Tumors
I I1
Pleural Carcinomatosis
The surfaces of the pericardium and pleura, which grossly resembled redbrown velvet, were composed of fronds of tumor tissue. The fronds gave rise to secondary villi of neoplastic cells loosely attached to a vascular interstitial network (fig. 13 ). The larger arterioles within the connective tissue stroma that supported the tumor cells were usually surrounded by lymphocytes and plasmacytes ( fig. 14) . Ultrastructurally, the neoplastic cells did not differ significantly from the aortic body carcinoma cells elsewhere ( fig. 15, 16 ). Microvilli were present on their free surface and i n canaliculi, which were invaginations into cytoplasmic areas of the cell.
Tissue of Thyroid Origin
Ectopic Thyroid
The small (3-5 mm diameter) aggregates of thyroid tissue were not surrounded by a capsule, and vascular and interstitial tissues were not prominent. Epithelial cells did not differ remarkably from those of normal canine thyroid epithelium. They were arranged in follicles with various amounts of dense homogenous PAS-stained material (colloid). Cells were polar with basement membrane material at the base and microvilli on the luminal surface. The cytoplasm contained both small dense granules (lysosomes) and large light granules (colloid). Cells with granular cytoplasm were seen between follicles and interpreted as parafollicular cells.
Ectopic Thyroid Adenoma
The one single, spherical, encapsulated adenoma examined was composed of a firm white area at the periphery (an infarct), a central cystic, very vascular area. and a solid rustbrown area at the attachment to the aorta Fig. 13 . Secondary villous projections on a frond from pleural metastasis of aortic body tumor. Blood vessels are closely surrounded by neoplastic cells and plasmacytes. Fig. 14. Central interstitial area of a tumor frond from pleural carcinomatosis. Arteries are surrounded by dense aggregates of plasmablasts and plasmacytes. Fig. 15 . Cell of aortic body carcinoma from the surface of a villus from pleural carcinomatosis. Cytoplasmic vacuoles (with luminal microvilli) were rare and were interpreted as a canaliculus protruding into the cell.
( fig. 17 ). The solid area was composed of cords of cells typical for these tumors [49] . The numerous blood vessels had well-developed basement membranes. Dense secretory granules and larger colloid granules were seen. Long dense tubules were present within the cisternae of smooth endoplasmic reticulum of neoplastic cells. The white area of the tumor was composed of a very vascular fibroblast-collagen base in which were dispersed small islands of tumor cells. Foci of hemosiderin-filled macrophages, free hematoidin, and erythrocytes were present. The tissue did not contain acidic mucopolysaccharides. Ultrastructurally, the tumor cells contained membrane-bound vacuoles filled with dense irregular granules interpreted as hemosiderin. Fig. 1'6 . Surface cells from the fronds of pleural carcinomatosis have microvilli on their free surface. The capillary (lower left) is markedly dilated. Many cells are degenerate (left). 
Thyroid Carcinoma
The three tumors examined included two large (1 1-1 6 mm diameter), encapsulated, unilobular, solid, follicular carcinomas confined to the thyroid and a massive, multilobular, invasive carcinoma that extended throughout the entire cervical area. In the invasive tumor, there was extensive invasion of lymphatics, and metastatic foci were present in regional lymph nodes. All tumors contained solid areas of poor to moderately differentiated thyroid follicles, many of which contained PAS-stained cytoplasmic granules ( fig. 18 ). Scattered plasmacytic infiltrates were present in the large carcinoma.
Ultrastructural characteristics of the carcinomas included well-developed, rough endoplasmic reticulum with dilated cisternae, large intracytoplasmic vacuoles with microvilli on the limiting membrane, and long dense tubular structures within the cytoplasm. The cells also contained dense secretory granules and light homogenous granules indicative of colloid. The large carcinoma contained many dense tubules and few intracytoplasmic vacuoles; the reverse was true in the two smaller carcinomas.
Tissues of Parathyroid Origin
Parathyroid Hyperplasia
The large, pale cells were arranged in cords and rosettes ( fig. 19 ). Ultrastructurally, small, dense, secretory granules were present in all cells but never in numbers approaching those of the nonhyperplastic canine parathyroid. Many ribosomes filled the cytoplasm, and the rough endoplasmic reticulum was well developed. The cells were polar with nuclei in a basal position. Apical parts of the cell adjoining the lumen were filled with moderately dense homogenous material. Pseudopodia were present on the luminal surface, but microvilli were not seen.
Parathyroid Adenoma
The large, pale tumor cells ( fig. 20) were remarkably homogeneous and did not stain with the alcian blue or PAS. Iron, detected histochemically, was present in the cytoplasm of many cells. Ultrastructurally, large areas of cytoplasm were filled with foci of fine fibrillar arrays. Mitochondria were numerous, and endoplasmic reticulum was sparse. Dense irregular membranebound bodies, interpreted as lipofuscin aggregates, were present in some of the cells. The plasma membranes were irregular with small filopodia compressed in the intercellular spaces. No nuclear abnormality was seen. Cytoplasmic rodlets and secretory-type granules were not seen. Reticular cells of the adenoma were dark and appeared degenerate. 
Discussion
Encapsulated, nodular, endocrine tumors located at the base of the heart in dogs have been classified as ectopic thyroid adenoma, aortic body adenoma, or ectopic parathyroid adenoma. The parathyroid tumor is extremely rare or the criteria for diagnosis inadequately established. Aortic body adenomas of the dog resemble analogous tumors in other species [8] . They can be differentiated from ectopic thyroid tumor tissue by (1) the dense osmiophilic membrane-bound granules throughout the cytoplasm of thin sections ; (2) positive reaction in tumor smears for biogenic amines according to the Falck test; and (3) the absence of criteria for ectopic thyroid tissue (the presence in tumor tissue of well-differentiated thyroid follicles, PAS-positive cytoplasmic granules, alcian-blue-stained foci, and dense intracisternal tubules). It may be that mixedthyroid-aortic body tumors occur that would have cytologic characteristics of both tissues. The presence of acidic mucopolysaccharides in tissue of thyroid origin probably indicates the inclusion of ultimobranchial remnants. Cysts of ultimobranchial origin have been characterized ultrastructurallyin the dog [48] , but their relation to tumor tissue, as in the bull [24] , is unknown.
The aortic body carcinoma and thyroid carcinoma of the dog, despite differences, have the following in common. They are very vascular and invasive with a marked tendency to grow within lymphatics. Their neoplastic cells are large and polyhedral and tend to occur in clusters separated by collagen and basement-membrane material.
A solid undifferentiated thyroid carcinoma that did not ultrastructurally resemble the follicular thyroid carcinomas described here was recently examined. It is possible that this represents a neoplasm of cells other than thyroid epitheliumthat is, of thyroid parafollicular (light) cells. Medullary carcinomas of the thyroid of man are allegedly composed of neoplastic parafollicular cells [37, 521. Although the canine parafollicular cell has been characterized [9] , canine thyroid tumors [7, 521 are not sufficiently classified to warrant an analogous separation.
The canine carotid body lesion reported here was interpreted as neoplastic rather than hyperplastic for the following reasons: (1) it was larger than the size predicted for hyperplasia; (2) it resembled previously described canine carotid body tumors; (3) it was composed of masses of granule-containing cells, many of which lacked the normal relationship to sustentacular cells and vascular tissue; and (4) it was unilateral, the left carotid body being of normal size.
The separation of chemoreceptor cells into light and dark types (on the basis of granular content) equates with non-chromaffin and chromaffin types, respectively [27] . The vague status of chromaffinity of the canine carotid and aortic bodies, however, renders this reaction useless as a valid criterion to classify neoplasms. The chromaffin reaction depends heavily upon large intracellular quantities of chromaffin-positive granules and should be replaced by more specific methods for detection of biogenic amines [16] .
Carotid body tumors have usually been seen in dogs with chronic pulmonary lesions. It may be that pulmonary disease and associated increased blood levels of CO, may play some role in their development [14] . Nerve endings were not seen in this tumor, and it is difficult to correlate altered pulmonary function with carotid body changes.
Neoplasms at the base of the heart in dogs may be ectopic thyroid tumors, aortic body tumors, or tumors of mixed cell populations. There has not been unequivocal evidence of parathyroid tumors at this site despite the plausibility of their occurrence. These conclusions are based partly on review of literature and casual examination of sporadic tumor acquisitions; they are drawn directly from the present ultrastructural examination of seven tumors. This is insufficient to establish valid criteria for a classification system. What is required is the acquisition of a series of new tumors to be examined histologically, electron microscopically, and histochemically. Staining of frozen sections (or imprints) of tumor by the Falck technique for biogenic amines and with fluorescein-conjugated preparations of anticanine thyroglobin and anticanine calcitonin could establish the cell of origin of the tumor.
